From the Medical Clinic of Prof. T. Nakamura, Tohoku University School of Medicine, Sendai (Received for publication, January 23, 1958) There are many papers which reported the protective effects of nutri tion against liver injury due to poisons. Goldschmidt1) observed that a high protein diet, previous to the anesthesia with chloroform, markedly reduced the incidence of hepatocellular necrosis in rats. Miller2) reported that chloroform anesthesia could be tolerated with little evidence of liver injury in well-fed healthy dogs. Hove&) showed higher survival rate in the rats on high protein diet than on low protein diet in the experiment of carbon tetrachloride poisoning. All these reports stressed the protective effects of high protein diet, which is one of the basis for the high protein therapy for liver diseases.
On the other hand, papers against these results have been frequently published.
In the experiment of Drill et al . 4) , bromsulphalein retention test showed a greater degree of hepatic dysfunction in the dogs fed with a normal protein diet than those receiving a low protein high carbohydrate diet, and hepatocellular necrosis was not observed in the dogs fed with the low protein diet but was present in 3 of 6 dogs fed with the normal protein diet. According to Campbell and Kosterlitz5), the rats placed on a protein-free diet for 3 days showed the least liver damage, whereas those on a 18% casein diet showed the highest incidence of hydropic degenera tion.
Thus the results are not always in accordance with each other. In the experiment of long term poisoning of carbon tetrachloride of the authors, fibrosis of the liver of rats was mote extensive on a high protein diet than on a low protein diets)-E). What caused such disaccordance of the results in connection with the influence of protein on liver injury? Is it due to the difference of poisons? Is it due to the difference of judging the results on the basis of death rate of experimental animals, pathological changes of the liver or liver function tests? Or is it due to the assumption as proposed by Campbell and Kosterlitz5) that low protein diet is effective 374 T. Nakamura, S. Nakamura and E. Kawamura when the duration of protein deficiency is short whereas high protein diet is effective when the duration is long.
In order to answer these questions, rats were administered with chloro form and carbon tetrachloride after they were fed with low protein or high protein diet for various periods. Death rate and pathological findings of the liver and kidney were studied in these animals.
EXPERIMENTAL

Method
The composition of experimental diets employed is shown in Table  I . Rats were fed with 5 % casein and 30% casein diet for 5 days, 2 weeks, 4 weeks and 8 weeks respectively, and thereafter administered with chloro form or carbon tetrachloride by stomach tube. Deaths were recorded every 12 hours. Three days after the administration of the poisons all surviving rats were killed in order to study the liver and kidney pathologically. Chloroform and carbon tetrachloride were administered at the level of 0.35-0.635 and 1.7-1.75 cc./kg. body weight respectively. Preliminary experiment established that this level of chloroform or carbon tetrachloride would kill about 50% of the rats on the high protein diet 3 days after the administration.
However, comparison of death rate was occasionally unsatisfactory due to low mortality of rats. Chloroform was used as 20-40% solution of olive oil, while carbon tetrachloride was used alone . 
Results
Experiment of chloroform poisoning
The results are shown in Table  ‡U . Death rate : In the experiments of 5 day feeding and 2 week feeding, death rate of 5 % casein group was higher than that of 30% casein groupS. Nakamura and E. Kawamura phosis of liver cells was noticed at the periphery of the hepatic lobules, and hydropic degeneration of liver cells and congestion of blood were more or less observed in all groups.
The difference of frequency of hepatocellular necrosis between 5 % casein and 30% casein groups was statistically significant in the experi ments of 4 week feeding and 8 week feeding (P<0.05), while there was no significant difference in the experiments of 5 day feeding and 2 week feeding.
Pathology of the kidney : The kidney was swollen, friable, tarnished, and reddish-gray in color. Histologically, the epithelium of renal tubules showed cloudy swelling and hydropic degeneration, including coagulation necrosis of the epithelium of convoluted tubules and hyaline and granular casts in the lumen of tubules. No changes was, however, noticed in Bowman's capsule and glomerulus. On the whole, the degree of injury of the kidney were slighter than that of the liver.
The frequency of coagulation necrosis of the epithelium of renal tubules was significantly lower in 5 % casein group than in 30% casein group in the experiment of 2 week feeding, whereas no statistically signific ant difference was observed in the other experiments.
Thus, in the experiment of chloroform poisoning, liver injury was severer on the low protein diet than on the high protein diet when the duration of protein deficiency was long. The death rate failed to run parallel with the degree of liver and kidney injury.
Experiment of carbon tetrachloride poisoning
The results are shown in Table  ‡V .
Death rate : In the experiments of 5 day feeding and 2 week feeding both dietary groups showed low death rate without statistically significant difference. In the experiment of 4 week feeding the death rate of 5 % casein group 1.5 or 3 days after the administration of carbon tetrachloride was lower than that of 30% casein group. The difference was statistically significant (P<0.05). In the experiment of 8 week feeding the death rate of 5 % casein group 1 day after the administration was significantly higher than that of 30% casein group (P<0.05).
Pathology of the liver : The changes of the liver was, macrosocpically and histologically, almost the same as observed in chloroform poisoning. In the experiment of 4 week feeding, the frequency of liver necrosis was significantly lower in 5 % casein group or 18% yeast group than in 30% casein group (P<0.05), whereas no significant difference was observed in the experiments of 5 days feeding, 2 week feeding, and 8 week feeding.
Pathology of the kidney : The kidney showed almost the same change as in the chloroform poisoning, but the degree of injury was slighter . Coagulation necrosis of the epithelium of tubules was observed in only 2 animals of the 5 % casein group in the experiments of 4 week feeding and 8 week feeding. The frequency of coagulation necrosis, hydropic degenera tion, and cloudy swelling showed no significant difference between 2 dietary groups.
Thus the results of carbon tetrachloride poisoning was different from those of chloroform poisoning. In the experiment of 4 week feeding, liver injury was milder and death rate was lower on the low protein diet than on high protein diet. Such tendencies was, however, not observed in the experiment of 8 week feeding. 
DISCUSSION
In the experiments it was noticed that liver injury of the low protein group which was administered with chloroform was severer than that of the high protein group. On the contrary, liver injury of the low protein group which was administered with carbon tetrachloride was slighter than that of the high protein group in the experiment of 4 week feeding. Accord ingly, chloroform and carbon tetrachloride poisoning showed quite dif ferent results. Since a remarkable difference of body weight was observed between the two dietary groups which received carbon tetrachloride in the experi ments of 4 week feeding and 8 week feeding, there seems to be a possibility that such a difference may be attributed to lower sensitivity to carbon tetrachloride of low protein group with light body weight. However, the experiment, which was undertaken to investigate this problem, revealed that the liver injury of light body weight group was, on the contrary to the conjecture, severer than that of the heavy body weight group. Taking the above-mentioned results into consideration, the liver injury of the low protein group which received carbon tetrachloride would be severer than that of the high protein group even in the experiment of 8 week feeding, if the influence of body weight were excluded.
When the results of the present investigation are compared with the former reports, they accord with Miller's report that liver injury of low protein diet group which was administered with chloroform was severer than that of high protein group when protein depletion was over a certain limit. In the experiment of chloroform poisoning the difference between both dietary groups was not noticed when protein deficiency was slight. This result does not support Campbell's assumption that low protein diet gives the higher protection against liver injury if given for short periods before the administration of poisons whereas prolonged protein deficiency renders the liver highly susceptible to injury.
In the experiment of carbon tetrachloride poisoning, liver injury of the low protein group was milder than that of the high protein group when it was fed for 4 weeks. This observation supports more Drill's report than Hove's, and is in accordance with the previous reports of the present authors on prolonged carbon tetrachloride poisoning6).
On the basis of death rate, Hove 3) admitted the protective effect of high protein diet on carbon tetrachloride poisoning. However, the experi ments indicate that death rate fails to accord with the patho-histological changes of liver cells. Judging results only on death rate may be inap propriate for the index for the estimation of the degree of liver injury.
According to Campbell and Kosterlitz5), carbon tetrachloride liver injury of the rats which were fed with no protein for 3 days was milder than that of the rats fed with 18% or 54% casein diet. The present experiment showed that liver injury of the rats on low protein diet was milder than that on the high protein diet in the experiment of 4 week feeding, but not in the experiments of 5 day feeding and 2 week feeding. The difference may be attributed to the difference that 5 % casein diet was used in the present experiment while no protein was included in Campbell's diet.
Thus the studies of the authors on the influence of protein on the liver injury due to poisons show that there is difference between chloroform administration and carbon tetrachloride administration, namely, if the protein depletion is over a certain limit, high protein diet is protective against the liver injury due to chloroform poisoning, while low protain diet is protective against the liver injury due to carbon tetrachloride. When the former reports are reviewed on the basis of this result, the dis accordance of the former reports can be comparatively well explained. 2. In the experiment of chloroform poisoning, the incidence of liver necrosis in the rats which were fed with 5 % casein diet for 4 or 8 weeks before the administration of chloroform was significantly higher than that in the rats which were fed with 30% casein diet. In the experiment of carbon tetrachloride poisoning, on the other hand, the incidence of liver necrosis of the rats which were fed with 5 % casein diet for 4 weeks was significantly lower than that of the rats which were fed with 30% casein diet.
3. Kidney injury was generally milder than liver injury, and it was milder in the experiment of carbon tetrachloride poisoning than in that of chloroform poisoning. The incidence of necrosis of the epithelium of renal tubules was significantly lower in the rats which were fed with 5 % casein diet for 2 weeks before the administration of carbon tetrachloride than in those which were fed with 30% casein diet.
4. Death rate after the administration of the poisons failed to run parallel with the degree of liver injury and was considered to be inappropri ate for the indicator for the estimation of the degree of liver injury after the administration of poisons.
Death rate was also not proportional to the degree of kidney injury.
5. The disaccordance of the former reports regarding the influence of protein on liver injury due to poisons can be comparatively well understood by this experiment, if it is explained on the difference of used poisons.
